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j (54) Title: OSCILLATING JETS 
j (57) Abstract 

! A method for producing a nuidir. device £*; 
! fcr exciting an oscillating jet (12) of predetermined 
| o£ci!ianon and mixing characteristics. The ffutdx 
! device (2) includes a chamber (4) having t flu;c 
i outlet (6) longitudinally displaced from u fluid uV.es 
, (3). The fluid inlet (8) is disposed such that in 
1 use the fluid (10) entering the chamber (6) through 
j the fluid iniet (8) separates from the inner surface 
j of chamber (4) to excite an oscillating jet f*2). 
i The method includes the step of configuring the 
i geometry of the shape and/or dimensions of the 
' cross section of the fluid inlet (8) to determine the 
mode of oscillation and mixing characteristics of the 
oscillating jet (12). A fluidic device (2') for exciting 
an oscillating jet (12') whose characteristics car. oe 
determined to meet operational requirements. 
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capability to manipulate and regulate directly the evolution and mixing characteristics of the 
jet. In this regard, it will be appreciated that the ability to adapt and regulate the mixing 
characteristics of a jet is essential if the performance of the jet is to be optimised for any 
given industrial application. 

5 

The above example of the precessing jet clearly illustrates that the broad industrial application 
of oscillating jets generally is not merely contingent upon the development of simple fluidic 
devices, but also upon the development cf a capability whereby the evolution and mixing 
characterisncs of the oscillating jets excited by such devices can be simply and readily adapted 
10 to mix fluids in a predetermined manner that is optimal for any given industrial process. 

Severa! fluidic devices have been proposed in the present applicant's international patent 
publications WO94/07086 and W096/2776i to address the above technical problem in the 
context of the pressing jet burners. These fluidic devices are improvements of the fluidic 

15 devices disclosed in WO88/08104 wherein a precessing jet flame is combined with a closely 
proximate non-oscillating jet flame is used to influence the characteristics of the combined 
flame. While the fluidic devices disclosed in WO94/07086 and W096/27761 advantageously 
enhance the performance of the precessing jet in combustion systems such as rotary cement 
kilns, they do not directly facilitate the optimisation of the performance of the precessing jet 

20 for other specific industrial applications because they do net provide the capability of direct, 
staple adaptation and regulation of the mixing characteristics cf die precessing jet itself. 

Against the above background, the present applicant has determined that a requirement exists 
for a simple fluidic device for exciting an oscillating jet whose mode of oscillation and mixing 
25 characteristics can be determined such that the performance of the oscillating jet can be 
optimised for any given Industrial application. Importantly, the device should not only be 
capable cf exciting the above illustrative example* of the flapping jet and the processing jet. 
but a broad range of oscillating jets whose particular dynamic modes of oscillation and mixing 
characteristics are optimal for specific industrial applications. 



30 
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Disefosure of the Invention 

In general, according to a first aspect of the present invention, there is provided a method of 
producing a fluidic device for exciting an oscillating je: having predetermined characteristics, 
the fiuidic device including a chamber having a fluid inlet such thas in use fluid entering the 
5 chamber through the fluid inlet separates from the inner surface of the chamber to excite an 
oscillating jet, the method including the step of: 

configuring the geometry of the fluid inter to determine the mode of oscillation and 
mixing characteristics of the oscillating jec 

Advantageously, the mode of oscillation and mixing characteristics of the oscillating jet 
-xcited bv the fiuidic device are determined by selectively configuring the geometry of the 
c-oss-section of the fluid inlet. Advantageously, me geometry of the cross-section of the fluid 
inlet is non-circular and is selectively configured to be triangular, rectangular, polygonal or 
-lliptica! (other geometric plane figures such as cresses and stars may be used with advantage 
, 5 in some embodiments). Advantageously, the geometry of the cross-section of the fluid .met 
may be further selectively configured by varying dimensions cf the cross-section of the fluid 
iniet. 

In another asoect, the present invention provides a fiuidic device for exciting an oscillating 
->C jet whose characteristics cm be determined to meet operation* requirements, the fiuidic 
device including a chamber having a fluid iniet such that in use fluid entering the chamber 
through the fluid inlet separates from the inner surface of the chamber to excite an oscillating 
jet wherein means are provided to vary the geometry of the fluid inlet such that the mode of 
oscillation and mixing characteristics of the oscillating jet can be determined to meet 
25 operational requirements. 

Advantageously, the means provided to vary the geometry of the fluid inlet comprise a 
olurality of elements that may be alternatively removably positioned inside the chamber, each 
of the elements being provided with an orifice that constitutes the fluid inlet when the 
30 respective elements are removably positioned in the chamber. Advantageously, the orifices 
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of the respective elements possess different geometries. Advantageously, the orifices provided 
in the respective elements are non-circular fc cross-section. Accordingly, the shape of the 
cross-section of the orifice may be selected to be triangular, rectangular, polygonal, or 
elliptical (other geometric plane figures such as crosses and stars may be used with advantage 
5 in some embodiments). 

Conveniently, once the fluidic device has been installed for service in a particular industrial 
application, the geometry of the fluid inlet can be simply and readily varied by substituting 
one element for another having a differently configured orifice. It will be appreciated from 
10 Uabove method cf the present invention that the selective variation of the geometry of the 
fluid into facilitates _'ie manipulation and regulation of the mcce cf oscillation and mixing 
characteristics of the oscillating jets excited by the fluidic device. Accordingly, the 
performance of the oscillating jet excited by the fluidic device can be optimised and/or varied 
to meet the specific service requirements of any given practical application. 

15 

As an alternative to the use of removably positional orifices, means could be integrally 
provided in the nuidie device to vary the geometry of the fluid ime: in situ by mechanical or 
fluidic means such that the mode of oscillation and mixing characteristics of the oscillating 
jet can be determined to meet operational requirements. 

20 

Embodiments of the present invention will now be described, by way of example only, with 
reference to the accompanying drawings: 

Brief Description of the Drawings 

25 Figure 1 is a schematic view cf a fluidic device for exciting an oscillating jet produced 

in accordance with the present invention; 

Figures 2(a-h) illustrate a selection of alternative embodiments of fluidic devices for 
exciting an oscillating jet produced in accordance with the present invention; 

Figures 3(a) and 3(b) are respective side and end views of two embodiments of a 
30 fluidic device for exciting an oscillating jet produced in accordance with the present 
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invention; 

Figure 4 if a schematic view of a rtodic device for exciting an oscillating jet whose 
characteristics car. be determined to meet operational requirements by the use of 
interchangeable components; 
5 Figure 5 is a schematic view of z fiuidic device for exciting an oscillating jet whose 

" characteristics can be determined to meet operational requirements by the use of mechanical 
means to vary the shape of the inlet. Figure 5(?) achieves this variation by means of inter- 
changeable components, and Figure 5(b) achieves it by means of adjustments that are possible 
in-situ; 

j 5 Figure 6 is a schematic view of a fiuidic device for exciting an oscillating jet whose 

" characteristics as be variea Li-situ to meet operational requirements by the use of fhutiic 
means to vary the shape of the inlet jet. 

Best Modes for Carrying Out the Invention 

15 Figure 1 schematically illustrates a simple fiuidic device 2 for exciting an oscillating jet 
produced in accordance with the method of the present invention. The fiuidic device 2 
generally comorises a chamber 4 having a fluid cutlet 6 longitudinally displaced from a fluid 
inlec £. The cross-section of the chamber - and/or me fluid outlet 6 may be selectively 
configured to be circular, rectangular, polygonal, elliptical., hexagonal, or octagonal (other 

20 geometric plane rlgures may be used with advantage in some embodiments). The cross-section 
of the chamber 4 is advantageously constant, although the cross-section may be varied along 
the length of the chamber 4 wim advantage in some embodiments. 

While me actual formation mechanism of oscillating jets within me chamber 4 is highly 
os comolex, the general operation of the fiuidic device 2 may be described with reference to 
Figure 1 wherein fluid jet 10 entering the chamber 4 through fluid inlet 8 is initially separated 
from the inner surface of the chamber 4. Thereafter, the jet 10 expands through entrapment 
of the surrounding fluid. This generates a positive feedback process within the chamber 4, 
causing the jet 12 emerging from the fluid outlet 6 to oscillate. The oscillating jet 12 
30 discharges into the ambient fluid downstream from the fluid outlet 6 and there mixes with 
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outlet (Figure 2(b)). 

figure "»« "lusnw » embodiment wherein structure 2a the rbrm of a centre-body 16 is 
disoosed in the chamber 4 upstream from the fluid outlet 6. The centre-body 16 facilitates 

5 ^ auction of one or more fluids into the chamber 4. In particular, one or more fimas 
• Tay be Educed into the centre-body 16 via hollow members that both support the centre- 
.oay 16 and feed one cr more fluids imo the chamber 4. I: will be appreciated that m 
ope^ticn the one or more fluids introduced into the chamber 4 via the centre-body 16 are 
a^ned by the oscillating jet formed inside the chamber 4 downstream from the -fluid inlet 

,0 8 THe introduction of one or more fluids into the chamber may alternatively be facilitated 
by crovidine the chamber 4 with ho.es (not shown) such that fluid exterior to me chamber 4 
-an be admitted into the chamber interior. Further or in the alternative, one or more fluids 
may be admitted into the chamber from a second chamber (not shown) that at least partially 

15 Hav^ describee the general structure and option of ±e fhddic device 2 for exciting an 
oscUlating jet, the step of determining the characteristics of the oscillating jet 12 m 
accordance with the method of the present invention will now be described in detail. 

oo Specifically, the mode of oscillation and mixing characteristics cf the oscillating jet 12 excited 
. y *e fluidic device 2 are determined by selectively configuring the geometry of the fluid 
I* S in oarticutar, me characteristics of the oscillating jet 12 are manipulated and 
regulated bv empirically varying the geometric configuration (that is, shape and/or 
dimensions) of the cross-section cf the fluid inlet S. Advantageously, the shape of the cross- 
es section of the fluid inlet S is selectively configured to be non-circular. Accordingly, 
depending on the particular mode of oscillation and mixing characteristics that the oscillating 
let* 12 is reouirec to exhibit, the shape of the cross-section of the fluid inlet 8 may be selected 
to be triangular, rectangular, polygonal or elliptical (other geometric plane figures such as 
cw~ and stars mav also be used with advantage in some embodiments). As also stated 
30 above, the geometry of the cross-section of the fluid inlet £ is advantageously flitter 



selectively configured by varying the dimensions of the cross-section. 

The step of configuring the geometry of the fluid inlet 8 to determine the characteristics of 
the oscillating jet 12 will now be described in farther detail, by way of example only, with 

. - ^^.vv u4 3f>* - ; *ures 3;'a) and 3(b) illustrate respective side and end 
-' reterencs to rigu.ci ^v.S/ acu j>i.^... - — — v - 

views of two ex^pkry embodiments or a fluidic device 2 for siting an osciilaxng jet. in 
accordance with the method described above, the detailed geometry of the respective fluid 
inlets 8 of these two embodiments has oeen configured such that: 

the cross-section of the fluid inlet is generally rectangular m shape with a high aspect 

1C ratio (w.'h) in the range of 6 and 15: 

the short (ft) and tne long (w) sides of the inlet cross-section are parallel to me 
corresponding sides (H, W) of the chamber cress-section where the chamber is rectangular in 

cross-section (Figure 3(a)); 

the long side (w) of the fluid inlet cross-section is shorter the the long side W of the 
!5 chamber cross section where the chamber is rectangular in cross-section (Figure 3(a)), and 
the long side (w) of the fluid inle: cross-section is shorter than the chamber diameter (D) 
where the chamber is circular in cress-section (Figure 3(b)); 

the wall structure, chamber and the cross-sections of the fluid inlet and the fluid outlet 
are each symmemcaily disposed about each of their two mutual orthogonal co-planes, that 

20 is their centre-planes; 

the race of the height H of the cnamber to the height n of me fluid iniet is greater man 
or equal to 4, ie. IJfnfi, where the chamber is recianguiar in cross-section (Figure 3(a)), an 
the ratio of the diameter D of the chamber to the height h of the inlet is greater than or equal 
to 8, D/hzS, where the chamber is circular in cross-section (Figure 3(b)); 

05 ' the distance (L) between the fluid inlet to the exit plane and fluid outlet from the inlet 
Plane is greater than approximately 0.3ff where the chamber is rectangular in cross-section 
(Figures 3(a)), and the distance J^O where the chamber is circular in cross-section (Figures 
3(b)). 

30 When the geometry of the fluid inlet 8 is configured in the above manner, the mode of 
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oscHlation 2nd mixing characteristics of the oscillating jet excited by both fluidic devices 2 
illustrated in Figures 3(a) and 3(b) are quasi-planar in nature. As discussed above, such an 
oscillating jet has come to be generally termed a flapping jet. It will be appreciated that 
flapping jets have potential practical applicability in industrial processes involving the quasi- 
5 planar mixing cf fluids due to their enhanced mixing characteristics relative to conventional 
non-flapping jets. An example cf an industrial process where flapping jets could potentially 
be used with advantage is the manufacture of glass sheets, where glass raw materials are 
heated by flat flame burners. Accordingly, the fluidic devices 2 illustrated in Figures 3(a) 
and 3(b) have potentially advantageous practical applicability as oscillating flat flame burners 
10 in the manufacture of glass sheets. 

Advantageously, the mode of oscillation and mixing characteristics of the oscillating jet 
excited by the fluidic devices 2 illustrated in Figures 3(a) and 3(b) may be further determined 
by selectively varying me geometry of the chamber 4. For example, geometric ratios LzH 

15 are advantageous for the rectangular chamber cf ±e embodiment illustrated in (Figure 3(a)), 
while geometric ratics LzQ.SD advantageous fcr the circular chamber of the embodiment 
illustrated in (figure 3(b)). Furthermore, the angular displacement of the flapping jet (the 
"flapping angle") excited by the fluidic device 2 having a rectangular chamber (Figure 3(a)) 
may be increased by configuring the shorter sides of the cross-section of the rectangular 

20 chamber to diverge in the downstream direction. Furthermore, the oscillating jet excited by 
the fluidic device 2 having a rectangular chamber (Figure 3(a)) will flap from side to side 
essentially in two dimensions when L/H> 1.0. Alternatively, the oscillating jet excited by the 
fluidic device 2 having a circular chamber (Figure 3(b)) will flap In a predominantly two- 
dimensional mode when L/D is in the range O.StlJDil.Q. However, if L/D>1.0, the 

25 oscillating jet will oscillate three-dimensionaily. 

The mode c: oscillation and mixing characteristics of the flapping jet excited by the 
embodiments of the fluidic device 2 illustrated in Figure 3(a) may be further modified by the 
addition of a centre-body of the type schematically illustrated in Figure 2(h). In particular, 
30 when a centre-body is mourned upstream from or at the fluid outlet exit plane such that the 
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In the illustrated embodiment, the geometry of the fluid inlet 8' is varied in service by 
alternatively removably positioning one of the disc elements 18 inside the chamber 4'. Each 
disc element 18 is provided with an orifice that constitutes the fluid inlet 8' when the 
^ective eisc elements IS are removably phoned in me chamber 4: As Pirated, me 

5 orifices of respective disc e.emen^ :S possess different S ecmemes. Advantageousiy, the 
orifices creviced in the respective disc dements 13 are ncn-circular in cross-section. 
Accordingly, the shape of the cross-section or the orifice may be selected to be triangular, 
rectangular, polygonal, or elliptical (other geometric plane figures such as crosses and stars 
may be used with advantage in some embodiments). Conveniently, once the fluidic device 

10 2' has been installed for service in a particular industrial application, the geometry of the fluid 
inlet 8' can he simply and readily varied by substituting one disc element 18 for another 
having a different* configured orifice. It will be appreciated from the above description of 
the method of the present invention that the selective variation of the geometry of the fluid 
inlet 8' facilitates the manipulation and regulation of the mode of oscillation and mixing 

.5 characteristics of the oscillating jet 12' excited by the fhtidic device V. Accordingly, the 
cerformance of the oscillating jet 12' exerted by the fluidic device 2< can be optimised and/or 
varied to meet the specific service requirements cf any given practical application. 



I: will be aooreciateti that the disc elements IS are merely intended to be illustrative cf a 
,0 range of simcle conventional mean, by which the geometry of the fluid inlet 8' cedd be 
varied to suit operational requirements once the fluidic cevrce X has been installed for service 
in aparticuiar industrial application. For example, means could be integrally provided in the 
fluidic device 2' to vary the geometry of the fluid inlet 8 in site. 

25 Figure 5 snows a further embodiment of a fhtidie device 2" for exciting an oscillating jet, the 
characteristics of which can be determined to meet operational requirements. The fluidic 
device 2" is a further analogue of fluidic devices 2 and 2' described above and the foregoing 
general description is applicable and will not be repeated. Fluidic device 2" is formed by two 
chamber elements 4'a, 4«b which are joined at flanges 5»a and 5"b. The flanges 5"a and 5"b 

30 are releasabiy secured together by bolts 7" spaced around the flanges. An annular groove 9" 
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is formed intemahy of toe device. 2" between the chaxoer elements 4"a and 4"b. A disc 
element IS" is captiveiy retained in the annular groove 9" when flanges 4"a and 4"b are 
secured together, as described in relation to Figure 4, the disc ;S" includes an orifice that 
constitutes a fluid inlet 8". This arrangement allows the fluid iniet 8" to be varied in service 
5 3 v ^placing the disc IS" wi± a disc having an orifice of different geometry. Figure 5(a) 
shows some possible orifice geometries for the disc IS" which include mangular, rectangular, 
raomboitiai, elliptical, polygonal, cross-shaped and star-shaped orifices. Figure 5(b) shows 
a disc 18" provided with adjustable tabs 19 for varying the shape of the orifice and thus fluid 
inlet S". The triangular tabs 19 are mounted on threaded screws 20 engaged with disc 18" so 
10 that the degree of protrusion of the tab 19 into a circular aperture 21 in disc 18" can be 
adiusted. This variant of disc 18" allows the ix-sim adjustment cf the shape of the fluid iniet 
8". Three possible cotiilguraticns of the tabs are shown in which the tabs are equally .spaced 
in a plane transverse v> ±e direction of fluid flow. 

15 Figure c shows a further embodiment cf the nuidic device 2" 1 for exciting an oscillating jet 
in accordance with the method of this invention. The general operation of the fluidic device 
2"' in producing an oscillating jet the same as described above. The fluidic device 2"' has a 
fluid iniet 8"' formed at the end of a cylindrical passage 22. Small auxiliary side jets 23 are 
directed into the fluid inlet 8"' to ccnirol the shape of the jet. Three configurations of two, 

20 three and four side-jets 23 are shown in Figure 6. Valves shown at 24 are provided to control 
fluid flow through side-jets 23. The side-jets 23 can be used for fiuidic control of the fluid 
inlet shape and size by creating an aerodynamic blockage or constriction. The fluidic control 
of the fluid inlet shape and size allows in-situ adjustment and avoids the need for adjustment 
or replacement of components in the burner environment. Three configurations of the side- 

25 jets are shown in wnich tine stde-jets are equally spaced in a plane transverse to the direction 
of fluid flow and each directed toward the centre of the fluid iniet 8". 

In summary, the present invention also provides a simple fluidic device for exciting an 
oscillating jet whose mode of osciiianon ana mixing characteristics can be simply and readily 
30 determined to suit operational requirements after installation. 
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4- novA h-e- ^s^-oed 6v way o: ex^jncb only and modifications are 
The above emooaim^s nave dx, -b...^ fJ > v/ -> ^ 

possible with;n ±e scope of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1 A method of producing a fluids device for exciting an oscillating jet of predetermined 
oscillation and mixing chsrscarlsccs, fee fluidic device including a chamber having a fluid 
5 inle: disposed such mat in use fluid entering the chamber through the fluid iniet separass 
from the Liner surface of the chamber tc excite an oscillating jet, said method including the 
step of configuring the geometry of the fluid inlet to determine the mode of oscillation and 
mixing characteristics of the oscillating jet. 

l0 2 . A method as corned Li claim : including the step of ce,ective2y configuring the 
geometry cf me cross-section of the fluid inlet tc determine the mode of oscillation and 
mining characteristics of the oscillating jet. 

3. A method as claimed in claim 2 wherein the geometry of the cross-section as 
15 selectively configured by selection of the shape of the cross-section. 

<.. A method as claimed in claim 2 or claim 2 wherein the geometry of the cross-section 
is selectively configured by adjustment cf the dimensions of the cross-section. 

20 5. A method as claimed in claim 3 wherein the shape of the cress-section is non-circular. 

6. A method as claimed in claim f wherein the shape of me cross-secdon is selected from 
the group comprising triangular, rectangular, polygonal, elliptical, cross and star shaped. 

25 7. A method as claimed in any one of claims I to 6 wherein the fluid Inlet is formed by 
an orifice of relatively short length in the direction of fluid flow in comparison to the length 
of the chamber. 

8. A method as claimed in any one of claims 1 to 6 wherein the fluid inlet is formed by 
30 a passage of substantial length in the direction of fluid flow. 
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9. A method as claimed in claim 7 or claim 8 wherein a downstream end of the fluid inlet 
includes an inwardly directed constricting iip. 

10. A method as claimed in claim 7 or ciaim S wnerein a downstream end of the fluid inlet 
5 includes an outwardly diverging rim. 

1 , A method as claimed in claim 8 wherein said passage is of substantially constant cross- 
section. 

10 12. A method as claimed in claim 8 wherein said passage smoothly contracts toward a 
downstream end. 

13 . A method as claimed in any one of claims 1*12 wherein the chamber includes a 
fluifl cutlet denned by an inwardly extending iip. 

15 

14. A method as claimed in claim Yi wherein the inwardly extending lip smootnly 
contracts the size of the fluid outlet. 

15. A method as claimed in claim 13 wherein the mwartiiy extending lip extends generally 
2C perpendicular to the inside chamber wail to anrupdy reduce the size of the fluid outlet. 

16. A method as claimed in claim 15 wherein said iip includes an inner portion which 
smoothly contracts the size of the fluid outlet. 

25 17. A method as claimed in claim 15 wherein said lip includes a downstream portion 
which smoothly expands the size of the fluid outlet downstream of said abrupt reduction. 

18. A methoc as claimed in any one of claims i to 17 flutter including the step of 
positioning a body in the central region of the chamber downstream from the fluid inlet, said 
30 body being adapted tc feed one or more fluids into the chamber for entrainment into the 
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oscillating jet. 

19. A method as claimed in claim 18 wherein the body is supported within the chamber 
by hollow members that also provide fluid flow communication to the body. 

5 

20. A method as claimed in any one cf claims 1 to 17 wherein the fluid inlet has an area 
A, the chamber :s generally cylindrical and has a diameter D and length L and includes fluid 
outiet of diameter d 2 and wherein 

10 d e /D c 0.5 

L/D i 0.5 
d, ID < d;/D < 1 

wherein d 8 is an equivalent diameter of the fluid inlet given by 



15 



21. A method as claimed in any one of claims 1 to 20 wherein said fluid inlet is 
rectangular and has an aspect rario of width to height in the range 6 to 15. 

22. A method as claimed in claim 21 wherein me chamber is rectangular in cross-section 
20 and corresponding sides of the fluid inlet and rectangular chamber are substantially parallel. 

23. A method as claimed in claim 21 wherein the chamber is circular in cross section. 

24 . A method as claimed in claim 22 wherein the width of the fluid inlet is less than the 
25 width of the rectangular chamber. 

25. a method as claimed in claim 23 wherein the width of the fluid inlet is less than the 
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diameter of the chamber. 

26. A method as claimed in any one of claims 21 tc 25 wherein the chamber and fmid 
inlet cross sections are symmetrically disposed about each of their mutual orthogonal co- 

5 planes. 

27. A method as claimed in claim 22 cr 24 wherein the ratio of the height of the chamber 
to the height of the fluid inlet is greater than o: equal to 4. 

10 28. a method as claimed m claim 23 cr claim 25 wherein the ratio of the diameter of the 
chamber to the heignt of me fluid hue; is greater than or equal tc S. 

29. A method as claimed in claim 27 wherein the fluid inlet extends into the chamber a 
distance greater than about 0.3 times the height of the fluid inlet. 

15 

30. A method as claimed in ar.y one cf claims 22, 24 or 27 wherein the length or me 
chamber from the downstream end of the fluid idle: to the fluid outlet from the chamber is 
leater than or equal to the height cf me chamber. 

20 31. A method as claimed in any one or -aims 23, 25 or 28 wherein the ratio of the length 
of the chamber from the downstream end of the fluid Inlet to the fluid outlet from the 
chamber to the diameter of the chamber is greater than or equal to 0. 5 and less than or equal 
to 1. 

25 32. A method as claimed in «*• one of claims 23, 25 or 23 wherein the ratio of the length 
of the chamber from the downstream end of the fluid inter to the fluid outlet from the 
chamber tc the diameter of the chamber is greater man 1 . 

33. A fluidic device for exciting an oscillating jet whose characteristics can be determined 
30 to meet operational requirements, the fluidic device including a chamber having a fluid iniet 
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such that ir. use fluid entering the chamber through the fluid inlet separates from the inner 
surface of the chamber tc excire an oscillating jet, wherein means are provided to vary the 
geometry of the fluid iriet such that the mode of oscillation and mixing characteristics of the 
oscillating jet car. be determined to me* said operational requirements. 

5 

34. A fluidic device as claimed in claim 33 wherein said means to vary the geometry of 
the fluid inlet include a replaceable element in which the fluid inlet is formed. 

25. a fluidic device as claimed in claim 34 wherein the replaceable element extends 
10 substantially across the chamber of the device transverse to the direction of fluid flow. 

36. A fluidic device as claimed in claim 35 wherein the replaceable element is c&ptively 
retained as a groove formed in a wall or walls of the chamber. 

15 37. A fluidic device as claimed in claim 36 wherein the device is formed by two parts 
releasably joined to form said groove. 

, B A fyjjdk device as claimed in any one of claims 35 to 37 wherein the shape of the 
cross-sectior. is non-circular. 

20 

39. A fluidic device as claimed in claim 38 wherein the shape of the cross-section is 
selected from the group comprising triangular, rectangular, polygonal, elliptical, cross and 
star shaped. 

25 AC. A fluidic device as claimed in any one of claims 35 to 37 wherein the fluid inlet is 
formed by an orifice of reiaaveiy share length hi the direction of fluid flow in comparison to 
the length of the chamber. 

41. A fluidic device as claimed in any one of claims 35 to 37 wherein the chamber 
30 includes a fluid outlet defined by an inwardly extending lip. 
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42 A fluidic device as churned in claim 4! wherein the inwardly extending lip smoothly 
contracts the size of the fluid outlet. 

43. A fluidic device as claimed in claim 4! wherein the inwardly extending iip extends 
5 generally perpendicular to the inside chamber wall to abruptly reduce the size of the fluid 

outlet. 

44. A fluidic device as claimed in claim 43 wherein said iip includes an inner portion 
which smoothly contracts the size of the fluid outlet. 

10 

45. A fluidic device as claimed in claim 43 wherein said iip includes a downstream portion 
which smoothly expands the size of the fluid outlet downstream of said abrupt reduction. 

46. A fluidic device as claimed in any one of claims 35 to 45 wherein the fluid inlet has 
15 an area A, the chamber is generally cylindrical and has a diameter D and length L and 

includes fluid cutlet of diameter d, and wherein 

dJD £ 0.5 

L/D * 0.5 
20 d £ /D < dj/D * 1 

wherein d, is an equivalent diameter of the fluid inlet given by 

4 -- J At' 1 



47. A fluidic device as claimed in claim 23 wherein said means to vary the geometry of 
25 the fluid inlet include one or more tabs mounted for selective adjustment to protrude into the 
fluid inlet. 
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48. A fiuidic device as claimed in claim 47 including at leas: two tabs equally spaced in 
a plane transverse to the direction of fluid flow. 

49. A fiuidic device as claimed in claim 47 including or claim 48 wherein the or each tab 
5 has a triangular cross-section. 



50 



, a fiuidic device as claimed in claim 33 wherein the means to vary the geometry of the 
fluid inlet include one or mere side jets positioned to selectively direc; a now cf fluid into the 
fluid inlet generally transverse to the direction of rlow of fluid through the into. 

10 

51 a fiuidic device as claimed in claim 53 including at least two side jets equally spacea 
in a plane transverse to the direction of fluid flow and each directed substantially toward the 
centre of the fluid inlet. 



15 



WO 99/26021 



« 



ICT/AU98/00959 



1/7 




FIGURE I 



SUBSTITUTE SHE™ (*ule 26) (RO/AU) 
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FIGURE 2(d) 

SUBSTITUTE SHEET (Rule 26) (RO/AU) 
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FIGURE 2(h) 

SUBSTITUTE SHEET (Rule 26) (RO/AU) 
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FIGURE 3(a) 




FIGURE 3(b) 



SUBSTITUTE SHEET (Rule 26) (RO/AU) 
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FIGURE 4 



SUBSTITUTE SHEET (Rule 26) (RO/AU) 




SUBSTITUTE SHEET (Rule 26) (RQ/AU) 
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FIGURE S(b) 



SUBSTITUTE SHEET (Rule 26) (RO/AU) 
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FIGURE 6 



SUBSTITUTE SHEET (Rule 26) (RCVAU) 
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FIGURE 6 



SUBSTITUTE SHEET (Role 26) (RO/AU) 
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